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(54) Pre-connectorized loose tube cable 

(57) A pre-connectorized loose tube cable protects 
the optical fibers as the fibers are being routed from the 
end of an outer sheath to the fiber distribution shelf. The 
pre-connectorized loose tube cable has a plurality of 
flexible tubes which are connected to a respective plu- 
rality of buffer tubes. The flexible tubes are securely at- 
tached to the ends of the buffer tubes and to the pre- 



connectorized loose tube cable by a capping epoxy and 
by heat shrinks. The flexible tube has a wall thickness 
which is greater than the minimum bend radius for the 
fibers. With such a wall thickness, the fibers are not bent 
past their minimum bend radius, and thus do not break, 
even if the flexible tube is bent up to an angle of one 
hundred eighty degrees. 
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Description 

FIELD OF THE INVENTION 

This invention relates to a loose tube optical fiber 
cable and, more particularly, to a pre-connectorized 
loose tube cable for reducing optical fiber breakage due 
to too sharp bending thereof. 

BACKGROUND OF THE INVENTION 

Many optical fiber cables are pre-connectorized 
loose tube cables which comprise a plurality of optical 
fibers. Because the optical fibers are thin and fragile, 
the pre-connectorized loose tube cables have various 
members along the length of the fibers for protecting the 
fibers from becoming bent or stressed, such as a buffer 
tube, an inner tension member extending along the 
length of the cable, and/or outer sheaths. The protective 
members reduce any signal loss or fiber breakage by 
limiting the amount in which the optical fibers are bent 
or otherwise exposed to external forces, such as tensile 
forces. 

When the optical fibers in an optical cable are to be 
spliced to other fibers or components, the fibers must 
be separated from many of the protective members in 
the cable and routed to their respective coupling loca- 
tions. Typically, each optical fiber is separated from the 
outer sheaths and the tension member and is routed 
within a single buffer tube with a number of other fibers 
toward the coupling locations for the fibers. At a region 
close to the termination points for the fibers, a fiber 
break-out separates the fibers within the buffer tube 
from each other and routes the individual fibers within 
respective furcation tubes to their respective coupling 
locations. The specific coupling locations for the optical 
fibers can vary but are often locations in a fiber distribu- 
tion shelf or a splice closure. 

In routing the optical fibers in a cable to their respec- 
tive coupling locations, however, the optical fibers can 
become damaged within the furcation tube or within the 
buffer tube. Often, the individual optical fibers and their 
respective furcation tubes are bundled together within 
a spiral tube and routed as a group to the distribution 
shelf or closure. The optical fibers and furcation tubes 
can become intertwined with each other within the spiral 
tube and, at times, become so twisted that some of the 
optical fibers become bent or kinked, thereby introduc- 
ing a signal loss or causing the fiber to break. The en- 
tanglement of the fibers within the spiral tube is therefore 
a problem when routing the fibers in a pre-connectorized 
loose tube cable to their points of termination. Addition- 
ally, when the fibers do become entangled, it is time con- 
suming to untangle them so that each fiber may be di- 
rected to its proper location. 

As is typical in the industry, the total length of each 
fiber is greater than the required distance so as to pro- 
vide a slack length of fiber for the technician. Whenrout- 



2 

ing the fibers within a pre-connectorized loose tube ca- 
ble to a distribution shelf, or similar type of unit, the slack 
length of buffer tube length is looped into coils and at- 
tached to the distribution shelf. The buffer tubes may 
s also be gathered together within a spiral tube and routed 
from the end of the sheath toward the connectors in the 
distribution shelf. 

Another significant cause of fiber bending is due to 
the routing of the buffer tubes, including the looping of 
10 the buffer tubes to reduce the amount of slack. The buff- 
er tubes are typically comprised of polybutylene tereph- 
thalate (PBT), which is easily bent or kinked if the buffer 
tubes should become bent, such as in routing the fibers 
within the spiral tube or in looping the buffer tubes to 
15 reduce slack. When the buffer tube becomes kinked, the 
fibers within the buffer tube are bent at a sharp angle 
causing signal loss and, if the bend is less than the min- 
imum allowable bend radius for the fibers, causing fiber 
breakage. 

Because the fibers can easily break within the buffer 
tubes, the technician must take great care when han- 
dling the buffer tubes so as to prevent any kinking of the 
tubes. The time spent by the technician in handling the 
buffer tubes thus becomes relatively long whereby, as 
a consequence, the entire time for coupling a pre-con- 
nectorized loose tube cable to a distribution shelf is sig- 
nificantly increased. 

One approach to reducing the chance that the buffer 
tubes will become kinked is to reduce the overall length 
of the buffer tubes. In this manner, the buffer tubes may 
not need to be looped in order to reduce the slack. While 
a shorter buffer tube may reduce the chance that the 
fibers become bent due to a kink in the buffer tube, a 
shorter buffer tube increases the distance that the fiber 
is contained within only the furcation tube. Because the 
optical fibers are more vulnerable to external forces 
when within the furcation tube only, the fibers are pref- 
erably contained within the buffer tube rather than the 
furcation tube. Thus, even though the buffer tubes may 
cause fiber breakage due to a kink in the buffer tube, 
the fibers are preferably left within the buffer tube in or- 
der to protect the fibers. A need therefore exists for a 
device or method for protecting optical fibers as the fib- 
ers are being routed, such as from a pre-connectorized 
loose tube cable to the coupling points for the fibers. The 
device or method for protecting the fibers must be able 
to bend so that the fibers can be routed to the coupling 
points, yet cannot bend past the minimum bend radius 
for the optical fibers. A need also exists for a device or 
method for permitting a technician to couple a pre-con- 
nectorized loose tube cable in a shorter period of time 
than has heretofore been possible. 

SUMMARY OF THE INVENTION 

The present invention, in a preferred embodiment 
thereof, is a pre-connectorized loose tube optical fiber 
cable which is capable of reducing fiber breakage. The 
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pre-connectorized loose tube cable has an outer sheath 
and a flexible tube which extends from an end of the 
outer sheath. The flexible tube holds a plu rality of optical 
fibers and has a wall thickness which is greater than a 
minimum bend radius of the optical fibers. With such a 
wall thickness, the optical fibers do not break even when 
the flexible tube is bent up to an angle of one hundred 
and eighty degrees. Since the flexible tube can be bent 
about large angles, the technician can more easily and 
quickly route the fibers to the distribution shelf. 

The flexible tube is preferably formed from poiyvi- 
nylchloride and attaches to the end of a buffer tube in 
the pre-connectorized loose tube cable. The flexible 
tube has an inner diameter which is equal to or slightly 
greater than the outer diameter of the buffer tube so that 
the flexible tube can be placed over the end of the buffer 
tube. In attaching the flexible tube to the buffer tube, an 
epoxy is inserted around the flexible tube and heat 
shrinks are placed around the flexible tube and around 
the outer sheath of the cable. A fiber break-out may be 
attached to the end of each flexible tube for separating 
the optical fibers and for placing the fibers in their indi- 
vidual furcation tubes. 

The principles and features of the present invention 
will be more readily apparent and understood from the 
following detailed description, read in conjunction with 
the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a side view of a conventional pre-connec- 
torized loose tube cable; 

Fig. 2 is a diagrammatic view of a conventional pre- 
connectorized loose tube cable connected to a dis- 
tribution shelf; 

Fig. 3 is a side view of a pre-connectorized loose 
tube cable according to a preferred embodiment of 
the invention; 

Fig. 4(A) is a cross-sectional side view of a flexible 
tube used in the pre-connectorized loose tube cable 
of Fig. 3; 

Fig. 4(B) is a cross-sectional side view of the flexible 
tube of Fig. 4(A) bent at an angle of 180 degrees; 
and 

Figs. 5(A), (B), and (C) illustrate steps for manufac- 
turing the pre-connectorized loose tube cable of 
Fig. 3. 

DETAILED DESCRIPTION 

With reference to Fig. 1 , a commonly used pre-con- 
nectorized multi-fiber cable is a pre-connectorized loose 
tube cable 1 0 which has a plurality of buffer tubes 6 with 
each buffer tube holding a number of optical fibers 12. 
The buffer tubes 6 are protected within a plastic spiral 
protector 5 along with a tension member 4. A fiber break- 
out 8 is connected to the end of each buffer tube 5 for 
separating the optical fibers 12 and for placing the opti- 
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cal fibers 12 in their respective furcation tubes 16. The 
optical fibers 12 can be coupled to another optical fiber 
or to another component, such as with a connector 1 4. 
An outer sheath 2 of the cable 10 terminates within a 
s blockage 3. 

When connecting the pre-connectorized loose tube 
cable 10 to a fiber distribution shelf 20 within a distribu- 
tion frame 24, as shown in Fig. 2, the pre-connectorized 
loose tube cable 10 is mounted to the distribution shelf 
10 20, such as with a cable holder or bracket 26. The indi- 
vidual buffer tubes 6 are typically looped to form coils 
28 so that the slack length of the fibers 12 is reduced. 
The fibers 12 within a buffer tube 6 are separated from 
each other by a fiber break-out 8 and the individual fibers 
is 1 2 are then routed to their respective adapters 22 in the 
distribution shelf 20. While only two buffer tubes 6 have 
been shown in this figure, it should be understood that 
a pre-connectorized loose tube cable 10 often contains 
a larger number of buffer tubes 6. 

In the normal handling of the buffer tubes 6, they 
are easily kinked when they are bent and routed along 
the shelf 20. When a buffer tube 6 becomes kinked, the 
optical fibers 1 2 within the buff er tube 6 are bent through 
a large angle, thereby causing signal loss and, more sig- 
nificantly, fiber breakage if the bend is smaller than the 
minimum bend radius of the fibers 12. Consequently, the 
technician must route the buffer tubes 6 and form loops 
28 to reduce slack yet prevent the buffer tubes 6 from 
becoming kinked or otherwise bent past the minimum 
bend radius for the fibers 12. 

With reference to Fig. 3, a pre-connectorized loose 
tube cable 30 according to a preferred embodiment of 
the invention comprises a number of flexible tubes 32 
each holding a plurality of optical fibers 12. The flexible 
tubes 32 are for routing the optical fibers 1 2 from an end 
of the outer sheath 2 to a fiber break-out 8. The fiber 
break-out 8 is connected to an end of each flexible tube 
32 for separating the optical fibers 12 within each flexible 
tube 32 and for placing each fiber 1 2 within its own fur- 
cation tube 16. A set of optical connectors 14 are con- 
nected to the ends of the optical fibers 12 for coupling 
the optical fibers 12 to the adapters 22 in the fiber dis- 
tribution shelf 20. 

In addition to routing the optical fibers 12, the flexi- 
ble tubes 32 according to the invention also prevent the 
optical fibers 12 from becoming bent past the minimum 
bend radius and therefore prevent fiber breakage. As 
best seen in Figs. 4(A) and 4(B), each flexible tube 32 
holds a number of optical fibers 1 2 ana" has walls formed 
of a certain predefined thickness T, which is greater than 
the minimum bend radius for the fibers 12. With the 
thickness T of the walls being greater than the minimum 
bend radius for the fibers 12, the fibers 12 cannot be 
bent past or to less than the minimum bend radius R, 
even if the flexible tube 32 is bent through an angle of 
180 degrees, as illustrated in Fig. 4(B). Consequently, 
the flexible tube 32 can be easily and quickly bent and 
routed along the distribution shelf 20 without breaking 
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the optical fibers 12. 

The flexible tubes 32 of the invention are preferably 
formed from polyvinylchloride (PVC), but may be formed 
from any suitable material, such as vinyl or teflon. The 
exact dimension for the wall thickness T varies accord- 5 
ing to the size of the optical fiber 1 2, the coating material, 
adhesive force between the fiber and coating material, 
as well as other factors. For instance, an optical fiber 1 2 
which is comprised of a 1 25 micron outer diameter glass 
fiber having a coating thickness of 62.5 microns has a 10 
minimum bend radius of 1.0 mm. Consequently, the 
thickness of the flexible tube 32 should be at least 1 .0 
mm to ensure that the fibers 12 do not break when the 
flexible tube 32 is bent at an angle up to one hundred 
eighty degrees. is 

As an example, each flexible tube 32 may hold a 
total of twelve optical fibers 1 2 with each optical fiber 1 2 
having an outer diameter of 250 microns and each buffer 
tube 6 having an outer diameter of approximately 3.0 
mm. The inner diameter of the flexible tube 32 is approx- 20 
imately 3.2 mm and the outer diameter is approximately 
6.2 mm, whereby the wall thickness T of the flexible tube 
32 is approximately 1.5 mm. Since the wall thickness T 
is greater than the minimum bend radius for the optical 
fibers 1 2, the flexible tube 32 can be bent up to an angle 25 
of one hundred eighty degrees without resulting in any 
fiber breakage. 

In addition to preventing fiber breakage, the pre- 
connectorized loose tube cable 30 having the flexible 
tubes 32 can have its fibers 1 2 coupled to a distribution 30 
shelf 20 in a shorter period of time. Since the flexible 
tube 32 can be bent at an angle of one hundred eighty 
degrees without kinking and without causing any fiber 
breakage, the technician can route the flexible tubes 32 
quicker and with less chance of, or concern about, fiber 35 
damage in comparison to the routing of the optical fibers 
12 within the buffer tubes 6. The entire process of cou- 
pling the fibers 12 to the distribution shelf 20 can there- 
fore be performed more quickly and thus more efficient- 
ly. 40 

The steps of a method of fabricating a pre-connec- 
torized loose tube cable 30 according to the invention 
are shown in Figs. 5(A) to 5(C). As shown in Fig. 5(A), 
an outer sheath 2 of a cable is removed and the buffer 
tubes 6 are terminated at a position proximate the end 45 
of the outer sheath 2. At this stage, the optical fibers 1 2 
extend beyond the buffer tubes 6. 

Next, as shown in Fig. 5(B), a flexible tube 32 ac- 
cording to the invention is placed over each buffer tube 
6 with the optical fibers 12 being placed within the flex- 50 
ible tube 32. In order to hold the flexible tube 32 firmly 
to the buffer tube 6, the inner diameter of the flexible 
tube 32 should be equal to, or only slightly larger, than 
the outer diameter of the buffer tubes 6. As will be ap- 
parent to those skilled in the art, the flexible tube 32 can 55 
be attached or coupled to the buffer tube 6 in various 
other ways. 

As shown in Fig. 5(C), a capping epoxy 34 is insert- 



ed between the flexible tubes 32 and is cured to fix the 
flexible tubes 32 in position. A first heat shrink 36 is 
placed over the outer sheath 2 of the pre-connectorized 
loose tube cable 30 and partially over the flexible tubes 
32 and a second heat shrink 38 is applied over the first 
heat shrink 36 and partially over the flexible tubes 32. 
In this manner, the flexible tubes 32 are securely at- 
tached to the buffer tubes 6 and also to the outer sheath 
2 of the cable. While any suitable capping epoxy 34 and 
heat shrinks 36 and 38 may be used, the capping epoxy 
34 is preferably methacrylate and the "heat shrinks are 
preferably polyolefin. 

While not shown, fiber break-outs 8 are subse- 
quently attached to the ends of the flexible tubes 32 to 
separate the fibers 1 2 from each other and to place the 
optical fibers 12 within individual furcation tubes 16. Al- 
so, connectors 14 are placed at the tips of the optical 
fibers 12 so that the optical fibers 1 2 may be connected 
to adapters 22 in the fiber distribution shelf 20. 

While the invention has been described with refer- 
ence to a pre-connectorized loose tube cable 30 which 
is intended to be connected to a fiber distribution sheff 
20, it should be understood that the invention can be 
applied to any type of optical cable. In fact, the flexible 
tube 32 according to the invention can be used to route 
optical fibers 12 in any situation where a plurality of op- 
tical fibers are easily damaged by becoming bent. 

The foregoing has been illustrative of the features 
and principles of the present invention. Various changes 
or modifications to the invention may be apparent to 
workers in the art without departure from the spirit and 
scope of the invention. 

For example, the pre-connectorized loose tube ca- 
ble 30 is not limited to only two flexible tubes 32 but may 
have any number of flexible tubes 32. Also, the flexible 
tube 32 need not be connected to a buffer tube 6 but 
may be connected to another type of protective member 
or structure. Furthermore, the flexible tube 32 could ex- 
tend along the entire length of the outer sheath 2. As 
should be apparent to one skilled in the art, the flexible 
tube 32 is not limited to holding only three optical fibers, 
as shown, or to twelve optical fibers 12, but may hold 
any practical number of optical fibers. 

Additionally, the buffer tubes 6 are typically color 
coded in order to distinguish the fibers 12 in one buffer 
tube 6 from the fibers 12 in another buffer tube 6. In order 
to provide some manner by which the flexible tubes 32 
can be distinguished from each other, the flexible tubes 
32 may have some identifying indicia, such as a label. 

Claims 

1. A pre-connectorized loose tube optical fiber cable 
for reducing fiber breakage, comprising: 

a flexible tube; 

a plurality of optical fibers passing through said 
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flexible tube; and 
an outer sheath; 

wherein said flexible tube extends from an end 
of said outer sheath and has a wall thickness 
which is greater than a minimum bend radius s 
for said optical fibers, whereby said optical fib- 
ers do not break when said flexible tube is bent 
to any angle up to one hundred eighty degrees. 

2. The pre-connectorized loose tube cable as set forth 10 
in claim 1 , further comprising a buffer tube for hold- 
ing said optical fibers, an end of said buffer tube ter- 
minating approximately near an end of said outer 
sheath and said end of said buffer tube being con- 
nected to an end of said flexible tube. is 

3. The pre-connectorized loose tube cable as set forth 
in claim 2, wherein an inner diameter of said flexible 
tube is no less than an outer diameter of said buffer 
tube. 20 

4. The pre-connectorized loose tube cable as set forth 
in claim 2, further comprising an epoxy for attaching 
said flexible tube to said buffer tube. 

25 

5. The pre-connectorized loose tube cable as set forth 
in claim 1 , wherein said flexible tube is comprised 
of polyvinylchloride. 



end of said buffer tube into said end of said flexible 
tube. 

11. The method as set forth in claim 9, wherein said 
step of affixing comprises the steps of placing an 
epoxy around said end of said flexible tube, placing 
a first heat shrink around said end of said flexible 
tube and said outer sheath, and placing a second 
heat shrink around said first heat shrink and said 
flexible tube. 

12. A termination arrangement for a loose tube optical 
fiber cable for reducing fiber breakage, comprising: 

a hollow flexible tube member for receiving and 
containing optical fibers extending from an end 
of the loose tube cable, said cable having an 
outer sheath; 

means for joining said flexible tube member to 
said outer sheath; and 

said flexible tube member having a wall thick- 
ness which is greater than the minimum bend 
radius for the optical fibers; 
whereby when said flexible tube member con- 
taining said fibers is bent through an angle up 
to and including one hundred eighty degrees, 
the fibers are not bent to a radius less than the 
allowable minimum bend radius thereof. 



6. The pre-connectorized loose tube cable as set forth 
in claim 1 , further comprising a second flexible tube 
for containing a second plurality of optical fibers. 

7. The pre-connectorized loose tube cable as set forth 
in claim 1 , further comprising a tension member ex- 
tending along a length of said outer sheath. 

8. The pre-connectorized loose tube cable as set forth 
in claim 1 , further comprising a heat shrink for at- 
taching said flexible tube to said outer sheath. 

9. A method of fabricating a pre-connectorized loose 
tube cable having a buffer tube holding a plurality 
of optical fibers and an outer sheath, comprising the 
steps of: 

terminating said buffer tube near an end of said 
outer sheath; 

coupling an end of a flexible tube having a wall 
thickness greater than a minimum bend radius 
of said optical fibers to an end of said buffer 
tube and passing said optical fibers through 
said flexible tube; and 

affixing said flexible tube to said buffer tube and 
to said outer sheath. 



30 13. The arrangement as set forth in claim 12, further 
comprising a buffer tube terminating near said end 
of said loose tube cable, said flexible tube being 
joined to said buffer tube. 

35 
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10. The method as set forth in claim 9, wherein said 
coupling step comprises the step of inserting said 



EP 0 779 527 A2 




o 



< 

o 



EP 0 779 527 A2 




-2-0 



FIG. 2 
(PRIOR ART) 



7 



EP 0 779 527 A2 




8 



EP 0 779 527 A2 



L 



=>2. 



zzzzzzzzzzzzzzzzzzzzzzzzi 

FIG. 4(A) 
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